The use of open reduction and internal fixation for the treatment of displaced distal radius fractures has improved with the use of volar locking plates (VLPs) and locking screws (LS).
with distal radius fractures, allowing both volar and dorsal fixation of the fragment. However, it is unknown whether the FL compression screw increases the stability of die-punch fragments, compared with regular LS, when used with the VLP system.
We hypothesized that the FL screw would create more rigid fixation of unstable intra-articular distal radius fractures with a die-punch fragment, than with a LS. Therefore, we evaluated the stability of die-punch fragments fixed with FL screws compared with fragments fixed with LS, using a cadaver model to simulate distal radius fractures.
Materials and Methods

Study Design
We obtained eight matched pairs of formalin-fixed cadaver radiuses without deformities from the Department of Anatomy of our institution. Cadaver radiuses were obtained in accordance with the protocol approved by our institution. The average age at the time of death was 80 years (range, 77-86 years), and all cadavers were female. Soft tissues were dissected from all the specimens.
We simulated an Arbeitsgemeinschaft für Osteosynthesefragen (AO)/The Association for the Study of the problems of Internal Fixation (ASIF) type C2 distal radius fractures in each specimen, using an oscillating saw. The fractures were simulated by creating a 10-mm transverse gap at a point 15 mm proximal to the distal articular surface of the lunate fossa. Then we created a sagittal split in the center, between the scaphoid and lunate fossa and a coronal split in the center of the ulnar fragment (►Fig. 1).
We then fixed the die-punch fragment in all specimens with an Acu-Loc2 VLP, using either a regular LS or the FL LS. All right radial fractures were fixed using the Acu-Loc2 (Acumed, Hillsboro, OR) VLP, with one 2.3-mm LS and three 2.1-mm smooth locking pins inserted in the distal fragment, and one cortical screw and one LS were used for the proximal fragment. The first locking pin was fixed on the most radial side, with the second and third locking pins inserted in the subsequent holes, and the LS inserted into the most ulnar hole (►Fig. 2A). Left radial fractures were fixed in a similar manner, but using the FL compression screw in the most ulnar hole, instead of the regular LS (►Fig. 2B). One cortical screw and one LS were similarly used to fix the proximal fragment. After stabilization, we dissected the distal radius of each specimen, up to 105 mm proximal from the created gap. An auto polymer resin (OSTRON II, GC Co., Ltd., Tokyo, Japan) block was shaped to fit into the lunate fossa.
Experimental Manipulation
Each specimenwas potted in an auto polymer resin and placed in a material testing machine (Tensilon RTC-1225AS, Orientec Corporation, Ltd., Tokyo, Japan), with an auto polymer resin block on the ulnar fragment of each specimen (height, 35 mm). A load frame was mounted on the flat surface of the block (►Fig. 3). Each specimen was loaded in axial compression at a constant rate of 0.5 mm/min until failure. Load and displacement data were continuously recorded, and presented on a graph.
Outcome Variables
Stiffness was defined as the slope of the straight-line region of the load displacement curve (►Fig. 4). Ultimate strength was defined as the peak load on the load displacement curve that is followed by a sharp decrease in the curve. Failure was defined as a >10 mm fragment displacement or screw failure. After testing, the bones, plates, and screws were examined for signs of failure. All tests were recorded using a digital video camera (GZ-V675R, JVC Corporation, Kanagawa, Japan). Three reference points were set on standardized locations on the surface of the specimens to record the distance of the points and to calculate the displacement ratio (►Fig. 5).
Statistical Analysis
The data of the two groups, FL or LS, were compared using a paired t-test. A p-value less than 0.05 was considered to represent a statistically significant difference.
Results
Ultimate Strength
The average ultimate strength at the point of failure was 602.5 N (standard deviation [SD] 172 N) for the FL and 664 N (SD 186 N) for the LS group. 
Displacement of Die-Punch Fragments
The average displacement of the die-punch fragment under an axial load of 250 N for the FL and LS is shown in ►Fig. 7. The average displacement ratio for the FL in the 1-3 direction was 10.29% (SD 6.88%), compared with 9.49% (SD 4.67%) for the LS. In the 2-3 direction, the average displacement ratio for the FL was 4.58% (SD 2.66%), compared with 9.05% (SD 4.00%) for the LS. Therefore, the FL was associated with a significantly lower displacement ratio than the LS in the 2-3 direction (p ¼ 0.049) but not in the 1-3 direction (p ¼ 0.81).
Model Failure
After the point of ultimate strength, the mode of screw and pin failure differed for the FL and LS groups. In the FL group, the FL compression screw failed by cut out from the distal fragment in all specimens. In comparison, in the LS group, failure occurred through a bending of the proximal part of the LS in all specimens, with no incidence of cut out. At the point of ultimate strength, all VLPs failed by bending or cut out. 
Discussion Brief Summary
Using formalin-fixed cadaveric specimens of the radius, we investigated whether the FL compression screw increased the stability of die-punch fragments under axial compression loading. Our results indicate that, in fact, the FL compression screw effectively increases the stiffness of the fixation while decreasing the displacement of the die-punch fragment under a compressive axial load of 250 N. Although the displacement of the die-punch fragment was significantly lower for the FL compression screw than for the LS in the 2-3 direction (p ¼ 0.049), there were no differences for the types of screws with regard to stiffness and ultimate strength.
Limitations
First, based on the small size of this study, it was difficult for us to determine the difference in stability between the two types of screws, and a further study with a larger population is needed to more completely characterize the stability profile. Second, we did not use a cyclical application of axial compressive load, and our loads were not within the physiological range. Third, the retention period of specimens was not constant which might have affected the strength of the fixation. Fourth, we used isolated specimens of the radius, without the soft tissue, and, as such, our study was not completely clinical. 
Comparison with Previous Studies
The FL compression screw has previously been shown to reduce the gap distance between the dorsoulnar fragment and the distal radius, measured on postsurgical computed tomography images, as compared with regular LS.
7 Based on these results, the FL system has been promoted as an effective, yet simple, treatment option for rigid fixation of dorsoulnar fragments associated with distal radius fractures. In agreement with this study, we demonstrated that, compared with a regular LS, the FL compression screw reduced the displacement of the die-punch fragment. The FL compression screw provided greater stiffness to the die-punch fragment, with VLP fixation, than the LS, although this difference was not significant in our specimens. Previous biomechanical studies have shown a greater stress on the ulnar than on the radial fragment of distal radius fractures under axial compressive loading. [8] [9] [10] These reports emphasized the importance of a rigid fixation of the die-punch fragment for early mobilization of the patient and return to functional activities. Our results showed that the FL compression screw increased the stability of the die-punch fragment and, therefore, this screw would be useful to treat distal radius fractures with die-punch fragments. Both dorsal and volar methods of fixation of the die-punch fragments have been reported in the clinical literature, with difficulties and complications associated with both types of fixations. Dorsal fixation can be effective, but is associated with a higher risk of tendon injury and rupture than volar fixation.
11-15 By contrast, the selection of an appropriate LS for volar fixation can be challenging, as a screw that is too short results in lower stability of the fixation, while a screw that is too long may lead to soft tissue injury on the dorsal aspect of the wrist. This is not an issue for the FL compression screw, as it can be sufficiently long to provide rigid fixation of the segment with minimum invasion of the dorsal soft tissues. Therefore, the FL compression screw offers lower risk of iatrogenic injury and higher stability than the LS.
Possible Explanations and Implications
The fact that the FL compression screw provides compressive fixation via a dorsal direction likely explains the higher stiffness of the die-punch fragments and lower displacement under axial loading to failure, compared with the LS. Therefore, the FL compression screw provides a more rigid fixation of the die-punch fragment than a LS. In addition to the compression system, the FL screw has a LS to the Acu-Loc 2 plate, which provides a good fixation between screw and plate. Although several studies have provided evidence of the effectiveness of the LS to treat distal radius fractures, 1-6,16,17 the FL compression screw may enhance the rigidity of the die-punch fragment, with rigidity being important for early mobilization.
In conclusion, we performed a biomechanical study to compare the relative stiffness, ultimate strength, and the displacement ratio of the die-punch fragment for the FL compression screw system and a LS, with VLP, using a simulated distal radius fracture with a die-punch fragment in cadaveric specimens. Although the FL compression screw system and LS provided comparable ultimate strength and stiffness, the FL system resulted in a lower displacement ratio in the 2-3 direction. Therefore, the FL compression screw system can provide a useful technique for the treatment of distal radius fractures with die-punch fragments.
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